The datasets analyzed during the current study are publicly and freely available on the NHANES website, <https://www.cdc.gov/nchs/nhanes/>.

Introduction {#sec005}
============

Among Americans, 8.1% of adults aged 20 and older reported depression in the last 2 weeks during years 2013--2016 \[[@pone.0233656.ref001]\]. Major depression imposes a high cost burden to society, and functional impairment resulting from depression is greater than other chronic diseases such as diabetes and arthritis \[[@pone.0233656.ref001]\]. Globally, depression is a substantial cause of disability, affecting over 300 million people \[[@pone.0233656.ref002]\].

Those with a mental health condition live on average 13 years less than those in the general population, with smoking-related diseases being the largest contributor to these early deaths \[[@pone.0233656.ref003]\]. The association between smoking and depression is well-known: those with depression are more likely to be smokers, smoke more heavily, and experience nicotine dependence \[[@pone.0233656.ref004]\], with a bi-directional temporal relationship between smoking and depression \[[@pone.0233656.ref005]\]. Current smokers have significantly higher depression rates compared to former-smokers and never-smokers \[[@pone.0233656.ref006], [@pone.0233656.ref007]\]. Importantly, among young adults, the increased risk of major depressive disorder (MDD) associated with smoking can be reduced by quitting \[[@pone.0233656.ref008]\].

In this body of literature, it is important to distinguish nicotine dependence (ND) from smoking *behavior*. While smoking behavior is an objective measure of tobacco *consumption*, ND is a latent construct which indicates the extent of psychological and/or physiological addiction to nicotine \[[@pone.0233656.ref009], [@pone.0233656.ref010], [@pone.0233656.ref011]\]. Traditional measures intended to capture smoking addiction typically capture objective smoking behavior (e.g. cigarettes per day, pack-years). However, these measures are markedly imperfect. For example, smoking behavior and ND are separable when comparing different subpopulations of smokers: "chippers" are a subgroup of smokers that do not show signs of dependence, despite extensive and regular smoking history \[[@pone.0233656.ref012]\]. Conversely, ND symptoms have been consistently reported among some adolescent smokers, even soon after initiation and at low levels of smoking \[[@pone.0233656.ref013]--[@pone.0233656.ref016]\].That is, a given smoker can have heavy smoking behavior without ND, and vice versa. Further, traditional measures of smoking behavior (here, cigarettes per day) correlate poorly with biomarkers of smoking such as cotinine, a metabolic byproduct of nicotine \[[@pone.0233656.ref017]\], possibly due to widely varying smoking topographies (length of inhalation, number of puffs, etc.) across smokers \[[@pone.0233656.ref018], [@pone.0233656.ref019]\] which can result in drastically different levels of nicotine extracted per cigarette \[[@pone.0233656.ref020]--[@pone.0233656.ref024]\]. Thus, objective smoking behavior provides only limited information about later smoking patterns or smoking exposure.

ND, on the other hand, captures the underlying degree of addiction or dependence. A variety of psychometrically validated scales have been developed to measure ND, including the Fagerström Test for Nicotine Dependence (FTND) \[[@pone.0233656.ref025]\] and the Heaviness of Smoking Index (HSI) \[[@pone.0233656.ref026]\] which contain items on objective smoking behavior as well as psychological and/or physiological dimensions of ND such as urgency to restore nicotine levels after abstinence and persistence of nicotine levels during waking hours \[[@pone.0233656.ref027]\]. A criticism of some ND scales is their reliance on objective smoking behavior and more severe indicators of addiction \[[@pone.0233656.ref028]\], which some groups (e.g. adolescents) do not meet criteria for, but are nonetheless dependent according to other dimensions \[[@pone.0233656.ref013]--[@pone.0233656.ref016]\]. Other scales have been developed which do not include objective behavioral items; for example, the Nicotine Dependence Syndrome Scale assesses five physiological and/or psychological dimensions: drive, priority, tolerance, continuity, and stereotypy, which can each be present without severe or heavy smoking behavior \[[@pone.0233656.ref029]\]. The item time to first cigarette (TTFC) which is on the FTND and the HIS, is of particular note. Although TTFC appears to be an objective smoking behavior, it is a robust and reliable indicator of overall nicotine dependence \[[@pone.0233656.ref009]\], possibly because it indicates physiological dependence \[[@pone.0233656.ref011], [@pone.0233656.ref017]\]. When measuring overall ND (and not focusing on individual dimensions of ND), TTFC is the best single-item indicator \[[@pone.0233656.ref009]\]. Thus, TTFC is a highly efficient indicator of overall ND.

This distinction between smoking behavior and ND is important with respect to a variety of behavioral and health outcomes. ND and smoking behavior have statistically independent and additive relationships with later smoking behavior \[[@pone.0233656.ref013], [@pone.0233656.ref014], [@pone.0233656.ref030]\], as well as with smoking-related health outcomes. For example, even after accounting for smoking behaviors, ND remains additionally and significantly associated with a higher risk for lung, larynx, head and neck cancer \[[@pone.0233656.ref031]--[@pone.0233656.ref033]\], more severe pulmonary impairment \[[@pone.0233656.ref020]\], less favorable cholesterol profiles \[[@pone.0233656.ref021]\], and a higher risk for asthma \[[@pone.0233656.ref022]\].

Several studies have made this important distinction between ND and smoking behavior in examining the relation to depression. Those with depression have higher levels of nicotine dependence \[[@pone.0233656.ref004], [@pone.0233656.ref034]--[@pone.0233656.ref039]\], and vice versa \[[@pone.0233656.ref034], [@pone.0233656.ref040]\]. However, very few studies *controlled for* smoking behavior when examining the association between depression ND \[[@pone.0233656.ref034], [@pone.0233656.ref004], [@pone.0233656.ref039]\], meaning that it remains unclear what the unique contributions of ND and smoking behavior are to explaining depression outcomes. Longitudinal research has found that major depression is a predictor of earlier TTFC, controlling for a limited measure of current smoking behavior \[[@pone.0233656.ref036]\] among Canadian adult smokers. Very little is known about the unique contribution of ND in explaining depression, over and above detailed measures of smoking behavior (including smoking history), among a nationally-representative US sample. If ND proves to explain depression more strongly than objective smoking behavior, this is highly relevant for depression screenings among smokers. Previous research has established precedence that ND is a better predictor of other outcomes (e.g. cessation outcomes and smoking biomarkers) when compared to the fairly weak explanatory power of cigarettes per day \[[@pone.0233656.ref011], [@pone.0233656.ref017]\].

The current study examines the distinct relationship between TTFC a robust and reliable indicator of nicotine dependence \[[@pone.0233656.ref009]\], and outcomes of depression symptoms (which assesses both the number and severity of individual MDD symptoms) among a nationally-representative sample of current adult smokers in the US, drawn from the National Health and Nutrition Examination Survey (NHANES), waves 2011--12, 2013--14, and 2015--16. Weighted regressions will examine the *independent* association between TTFC and depression symptoms after controlling for current and lifetime smoking behavior as well as sociodemographic risk factors for smoking.

Materials and methods {#sec006}
=====================

Ethics statement {#sec007}
----------------

Ethical approval for analysis of these existing, publicly available data was given by the University of North Dakota IRB on 11/2017 under project number IRB-201708-021. Sanford Research deemed this study exempt from human subjects research review due to being an analysis of existing data.

Sample {#sec008}
------

Data were drawn from the large, nationally-representative NHANES survey \[[@pone.0233656.ref026]\], pooled across years 2011--2012, 2013--2014 and 2015--2016, which are each cross-sectional and contain independent samples. NHANES is representative of the civilian, noninstitutionalized population in the Unites States, with each biennial wave consisting of about 10,000 respondents. NHANES collects demographic, dietary, socioeconomic, and health-related questions by interview. NHANES also conducts examinations and laboratory tests for medical, dental and physiological data. The current study focused on *N* = 2070 participants aged 20 years and over who reported current daily smoking, due to availability of data on smoking behavior. Data from the "Demographics" file and the questionnaires "Cigarette Use" and "Mental Health-Depression Screener" were used in this analysis.

Availability of data and materials {#sec009}
----------------------------------

The datasets analyzed during the current study are publicly and freely available on the NHANES website, <https://www.cdc.gov/nchs/nhanes/>.

Measures {#sec010}
--------

### Major Depressive Disorder (MDD) {#sec011}

Outcomes of depression were measured using responses from the NHANES questionnaire "Mental Health-Depression Screener" which was based on the 9-item Patient Health Questionnaire (PHQ-9) \[[@pone.0233656.ref041],[@pone.0233656.ref042]\]. The PHQ-9 incorporates criteria from the Diagnostic and Statistical Manual, Fifth Edition (DSM-5) criteria for MDD \[[@pone.0233656.ref043],[@pone.0233656.ref044]\], with 9 items assessing symptoms of depression within the last 2 weeks and a 10^th^ item assessing the functional impairment due to these symptoms. Each item was assessed on a 4-point scale ranging from 0 (e.g. "not at all") to 3 (e.g. "nearly every day"), with larger numbers indicating more depression symptoms. The major outcome variable of depression symptoms was created by summing these 10 items, as recommended by NHANES \[[@pone.0233656.ref045]\], into a single variable with a possible range of 0--30, with higher numbers indicating more depression symptoms.

For preliminary analyses only, a binary outcome variable was created by coding these 10 items according to the DSM-5 criteria for major depressive disorder \[[@pone.0233656.ref043]\]. Specifically, the first 9 symptoms were coded as binary based on the symptom being present 'nearly every day' (1) vs. 'not at all', 'several days' or 'more than half the day' (0) consistent with the DSM-5 criteria. Next, a final classification of presence vs. absence of MDD criteria was derived based on 1) experiencing 5+ of the 9 symptoms, of which one must be either "depressed mood" or "loss of interest or pleasure," and 2) experiencing functional impairment due to these symptoms ('extremely difficult' vs. 'not at all', 'somewhat', or 'very difficult').

### Time To First Cigarette (TTFC) {#sec012}

TTFC was assessed in the "Smoking---Cigarette Use" questionnaire using the question "How soon after waking do you smoke?" Original response categories are given on a 4-point scale in 2011--2012 ('within 5 minutes', 'from 6--30 minutes', 'from more than 30 minutes to one hour', and 'more than one hour') but on a 7-point scale in years 2013--2014 and 2015--2016 (with 3 additional categories ranging from 'more than 1 to 2 hours' to 'more than 4 hours'). To harmonize the differing response categories, the last 3 responses were collapsed for years 2013--14 and 2015--16 to align the variable with the 2011--2012 version, such that the highest TTFC value was 'more than one hour.'

### Smoking history {#sec013}

Smoking history was also derived from the "Smoking---Cigarette Use" questionnaire, using both current and lifetime measures of smoking behavior. Lifetime smoking history was defined as duration of smoking in years, which was calculated as age of respondent minus the age they reported first starting to smoke regularly. Current smoking behavior was measured as the average number of cigarettes smoked per day during the past 30 days.

### Sociodemographic variables {#sec014}

Additional confounding variables used in this study included gender, age, race, education, and income to poverty ratio as indicated by previous literature \[[@pone.0233656.ref006], [@pone.0233656.ref008], [@pone.0233656.ref046], [@pone.0233656.ref047]\]. The variable of income to poverty ratio is a measure of family or individual income divided by the poverty specified for that year. The full range was 0--5, and was top-coded by NHANES at 5 to maintain confidentiality.

Statistical analyses {#sec015}
--------------------

A preliminary logistic regression was used to determine the relationship of TTFC with the presence of MDD criteria. TTFC was not found to be significantly associated with the odds of meeting clinical MDD criteria. These results are not presented in detail due to non-significance and the low number of cases meeting MDD criteria.

The relationship between TTFC and depression symptoms was examined first using an unadjusted, survey-weighted, quasi-Poisson regression model in the statistical software R. A quasi-Poisson model was used due to the depression outcome being defined as a symptom count; additionally, this type of model accounts for overdispersion due to excess 0's in the outcome variable (indicating absence of depressive symptoms). A second model adjusted for both lifetime and current smoking behaviors (years of smoking duration and cigarettes per day, respectively), as well as socio-economic variables (gender, age, race, education, and income to poverty ratio). The strength of the association between TTFC and depression was estimated using prevalence rate ratios 95% confidence intervals and *p*-values.

Results {#sec016}
=======

Descriptive statistics {#sec017}
----------------------

[Table 1](#pone.0233656.t001){ref-type="table"} illustrates the summary statistics in the sample, grouped by TTFC category. Those who smoke within 5 minutes of waking are approximately twice as likely (4.5%) to meet criteria for MDD than all other groups (1.7--2.8%), and more likely to have less than a high school education (35.3% vs. 23.2--26.6%). Earlier TTFC also had a monotonic relationship with smoking more cigarettes per day (median = 20 vs. 12 vs. 10 vs. 6 for TTFC within 5 minutes, from 5--30 minutes, from 30--60 minutes, and more than 60 minutes, respectively). However, there was no consistent monotonic relationship between TTFC and smoking duration.

10.1371/journal.pone.0233656.t001

###### Descriptive statistics by each level of Time To First Cigarette (TTFC) after waking.

![](pone.0233656.t001){#pone.0233656.t001g}

  Measure                                 TTFC ≤ 5 min (*N* = 578)   TTFC 5--30 min (*N* = 685)   TTFC 30--60 min (*N* = 422)   TTFC \>60min (*N* = 385)   
  --------------------------------------- -------------------------- ---------------------------- ----------------------------- -------------------------- -------------------
  Depression                              Presence                   4.5% (*N* = 26)              1.7% (*N* = 12)               2.1% (*N* = 9)             2.8% (*N* = 11)
  Symptom Count                           4 (1--10)                  3 (1--7)                     3 (1--7)                      2 (0--6)                   
  Gender                                  Male                       57.1% (*N* = 330)            55.9% (*N* = 383)             55.7% (*N* = 235)          58.2% (*N* = 224)
  Female                                  42.9% (*N* = 248)          44.3% (*N* = 302)            44.3% (*N* = 187)             41.8% (*N* = 161)          
  Age                                     46 (35--56)                48 (34--58)                  44 (32--58)                   46 (31--60)                
  Race/Ethnicity                          White, Non-Hispanic        55.0% (N = 318)              55.6% (N = 381)               47.2% (N = 199)            34.0% (N = 131)
  Other-Hispanic                          10.2% (N = 59)             9.6% (N = 66)                14.2% (N = 60)                25.2% (N = 97)             
  Black, Non-Hispanic                     28.2% (N = 163)            25.5% (N = 175)              28.4% (N = 120)               28.1% (N = 108)            
  Other                                   6.6% (N = 38)              9.2% (N = 63)                10.2% (N = 43)                12.7% (N = 49)             
  Education                               Less than 11^th^ Grade     35.3% (N = 204)              26.6% (N = 182)               23.2% (N = 98)             26.2% (N = 101)
  High School or equivalent               31.3% (N = 181)            31.0% (N = 212)              32.0% (N = 135)               27.8% (N = 107)            
  Some College, College Degree or above   33.4% (N = 193)            42.5% (N = 291)              44.8% (N = 189)               46.0% (N = 177)            
  Income to Poverty Ratio                 1.08 (0.67--1.88)          1.23 (0.77--1.71)            1.65 (0.9--2.84)              1.55 (0.88--2.78)          
  Cigarettes per Day                      20 (10--20)                12 (10--20)                  10 (6--15)                    6 (4--10)                  
  Smoking Duration (Years)                29 (18--40)                30 (16--41)                  24 (14--41)                   26 (12--39)                

Categorical variables are summarized as valid percentage (N) and quantitative variables are summarized as median (interquartile range).

Depression score and TTFC {#sec018}
-------------------------

The unadjusted model indicates that smoking within 5 minutes of waking is significantly associated with a higher depression score by a factor of 1.576, compared to those who smoked more than 1 hour after waking (prevalence rate ratio (*PRR*) = 1.576, 95% confidence interval (*CI*) = 1.324--1.876, *p* \< .001). No significant differences in depression symptoms were found when comparing TTFC \> 60 minutes (reference group) vs. TTFC between 5--30 minutes (*PRR* = 1.173, *CI* = 0.96--1.44, *p* = .128) or TTFC between 30--60 minutes (*PRR* = 1.144, *CI* = 0.93--1.41, *p* = .213).

[Table 2](#pone.0233656.t002){ref-type="table"} shows the association between TTFC and the depression score, after adjusting for current and lifetime smoking behaviors (average cigarettes per day and smoking duration), as well as socio-economic variables (gender, age, race, education, and income to poverty ratio). Participants who smoke within 5 minutes after waking up had a depression score that was significantly higher by a factor of 1.370 relative to those that smoked more than 1 hour after waking (*PRR* = 1.370, *CI* = 1.13--1.687, *p* = 0.005) after controlling for current and lifetime smoking behaviors and socio-economic confounders. Those who smoked between 5 and 60 minutes after waking did not significantly differ in their depression scores than those who waited more than 1 hour after smoking.

10.1371/journal.pone.0233656.t002

###### Weighted poisson regression examining the association between TTFC and depression symptom counts.

![](pone.0233656.t002){#pone.0233656.t002g}

  Measure                                 *PRR*                    95% *CI*           *p*-value          
  --------------------------------------- ------------------------ ------------------ ------------------ -------------
  TTFC                                    **≤ 5 min.**             **1.370**          **1.113--1.687**   **0.005**
  5--30 min.                              1.088                    0.875--1.353       0.452              
  30--60 min.                             1.142                    0.926--1.406       0.222              
  \>60 min.                               (Reference)              (Reference)        (Reference)        
  Cigarettes per Day                      1.007                    0.996--1.016       0.192              
  Smoking Duration (Years)                1.005                    0.995--1.015       0.346              
  Gender                                  Male                     (Reference)        (Reference)        (Reference)
  **Female**                              **1.599**                **1.424--1.795**   **\<0.001**        
  Age                                     0.994                    0.983--1.004       0.260              
  Race/Ethnicity                          White, Non-Hispanic      (Reference)        (Reference)        (Reference)
  Other, Hispanic                         1.079                    0.906--1.285       0.399              
  Black, Non-Hispanic                     0.939                    0.829--1.062       0.324              
  Other                                   1.160                    0.919--1.463       0.219              
  Education                               Less than 11^th^ grade   (Reference)        (Reference)        (Reference)
  High School/GED                         0.946                    0.802--1.115       0.514              
  Some College, College Degree or above   0.859                    0.708--1.042       0.132              
  **Income to Poverty Ratio**             **0.873**                **0.829--0.918**   **\<0.001**        

PRR (prevalence rate ratio), CI (confidence interval), TTFC (Time to First Cigarette). Min (minutes), hr/hrs (hour/hours). Bold: p \< .05.

Other significant findings from this model included significantly more depression symptoms among females (*PRR* = 1.599, *CI* = 1.424--1.795, *p*\<0.001) and the inverse relationship between income-to-poverty ratio and depression symptoms (*PRR* = 0.873, *CI* = 0.829--0.918, *p\<*0.001). Neither current nor lifetime smoking behavior was significantly associated with depression in the multivariate model.

Discussion {#sec019}
==========

This study finds that after controlling for smoking behaviors and socioeconomic variables, there is an independent relationship between TTFC, a key indicator of ND, and the number of depression symptoms experienced. Specifically, those who smoke their first cigarette within 5 minutes of waking have on average a 1.37-fold higher count of depression symptoms relative to those who smoke their first cigarette more than one hour after waking.

The findings in this study confirm previous research characterizing the relationship between depressive symptoms and nicotine dependence \[[@pone.0233656.ref004], [@pone.0233656.ref006], [@pone.0233656.ref008], [@pone.0233656.ref013], [@pone.0233656.ref036], [@pone.0233656.ref047]\]. The current study extends this existing work by parsing out the statistically independent contributions of TTFC (a latent construct assessing *addiction*) versus objective smoking *behavior* and showing TTFC to have a unique, additional relationship with the number of depression symptoms. However, these findings only held true for depression *symptom count* but not for the *likelihood* of depression, in contrast with previous literature \[[@pone.0233656.ref006], [@pone.0233656.ref007]\]. This discrepancy could be due to the small number of participants who met the diagnostic criteria and/or the use of self-reported nature of depression symptoms, as opposed to clinical diagnoses by a trained professional. Further research using independent samples and longitudinal data is needed to further research the relationship between ND and depression outcomes.

A possible explanation of the current findings could be that smokers are able to titrate the nicotine extracted from each cigarette by altering their smoking topography (length of inhalation, number of puffs, etc.) \[[@pone.0233656.ref018],[@pone.0233656.ref019]\]. More nicotine-dependent smokers may therefore extract more nicotine from each cigarette compared to non-dependent smokers with a similar smoking history \[[@pone.0233656.ref020]--[@pone.0233656.ref024]\]. The resulting higher exposure to nicotine may have direct physiological effects in the brain, consistent with previous research suggesting that TTFC measures physiological aspects of ND such as sensitivity to depletion of nicotine concentrations from overnight abstinence \[[@pone.0233656.ref011], [@pone.0233656.ref017], [@pone.0233656.ref048], [@pone.0233656.ref049]\]. Nicotine works similarly to other addictive drugs by activating reward pathways \[[@pone.0233656.ref050]\]. A salient symptom of nicotine dependence is withdrawal, which can include anxiety, restlessness, agitation and impaired concentration \[[@pone.0233656.ref050]\]. While the act of smoking can relieve these symptoms and give the feeling of calm and improve concentration, those with mental illness can interpret these effects as relieving the symptoms of their mental illness \[[@pone.0233656.ref050]\]. Thus, individuals with depressive symptomatology may smoke in order to self-medicate their mental health symptoms, but this may result in higher nicotine extraction. In turn, this exacerbates the addiction cycle by shortening the latency between cigarettes in order to relieve nicotine withdrawal symptoms \[[@pone.0233656.ref051]\].

Alternatively, nicotine addiction and depression may be associated through a common cause, consistent with prior research concluding that there is no direct causal relationship, but rather their association arises through another common factor \[[@pone.0233656.ref034]\] such as familial or genetic factors \[[@pone.0233656.ref005]\].

Our findings showed a non-monotonic relationship between TTFC and the number of depression symptoms, such that only those who smoke within 5 minutes of waking are different from those who smoke more than 1 hour after waking. The reasons for this are unclear, but one possibility is a threshold effect such that the association with depression symptoms only manifests at a certain level of ND. Threshold effects have been reported in other related research, e.g. the relationship between TTFC and cotinine levels \[[@pone.0233656.ref017]\]. Further research is needed to examine whether there is a continuous effect of TTFC on depression symptoms, or whether this represents a threshold effect.

Smoking can hinder mental illness treatment by limiting the amount of drug uptake used in many antipsychotics and antidepressants, which could result in higher dosing and possible medication toxicity if the individual attempts to quit smoking \[[@pone.0233656.ref050]\]. Smokers who are more nicotine-dependent may smoke more heavily and more persistently \[[@pone.0233656.ref048]\], thus potentially compromising pharmaceutical mental health treatment and in turn exacerbating their depression symptoms. Taken together, this could explain the current and previous findings that indicators of ND are associated with more depression symptoms \[[@pone.0233656.ref004], [@pone.0233656.ref006], [@pone.0233656.ref008], [@pone.0233656.ref011], [@pone.0233656.ref047]\].

Researchers have found smoking cessation to be more complicated for those suffering from depression. Adults with major depression disorder have lower cessation rates and doubled relapse rates \[[@pone.0233656.ref047]\]. However, by quitting smoking, individuals may be at reduced risk for recurrence of mood or anxiety disorder compared to those that do not quit \[[@pone.0233656.ref052]\]. Taken together, smokers with depression stand to reap additional benefits by quitting smoking, but given the increased difficulty of doing so for this population, specialized cessation efforts are needed which are tailored to smokers suffering from depression \[[@pone.0233656.ref039]\]. Similar issues may exist for those experiencing depression symptoms that fall short of the threshold for a clinical diagnosis, as may be the case with the current sample.

Strengths and limitations {#sec020}
-------------------------

A strength of this study the use of NHANES data which allows for a large, nationally-representative sample of adult smokers in the US. The sample size is greatly reduced due to the inclusion criteria of our study; however, the use of survey-weighted analysis indicates that these results are generalizable to the larger population of adult current smokers in the U.S. Nevertheless, the sample size is a limitation in that only 58 participants met DMS-5 criteria for binary major depression (preliminary results). Given the complexity of our fully-adjusted model, this low sample size may have contributed to the non-significant findings of this preliminary logistic regression.

Several limitations should be noted. First, NHANES collects data for depression symptoms by self-report, which may be biased. Second, these data are cross-sectional and thus the temporal relationship and causality between nicotine dependence and depression symptoms cannot be established in this study. Third, more detailed measures of ND were not available in NHANES. Though TTFC is the best single-item indicator of overall ND \[[@pone.0233656.ref009]\], this precluded an examination of whether certain dimensions of ND drove the association with more depression symptoms. Further research using larger sample sizes and more objective measures of depression such as clinical diagnoses is needed to examine whether nicotine dependence is associated with the likelihood of clinical depression.

Implications for public health {#sec021}
------------------------------

This research finds that nicotine dependence is independently associated with higher depression symptom counts, beyond the risk imposed by smoking *behavior* alone. Including TTFC in screening assessments could help more precisely identify those at risk for depression symptoms. Further, considering the long-term physical as well as mental health benefits of quitting among those with depression, specialized intervention efforts are needed to achieve successful outcomes given the increased difficulty faced by this population in successful cessation.

10.1371/journal.pone.0233656.r001
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Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: I appreciate the opportunity to review this manuscript. Overall this is an interesting paper that examines the relationship between Time To First Cigarette (TTFC) after waking and outcomes of depression symptoms among a nationally-representative sample of current adult smokers in the US. The topic is relevant and methods and results are clearly reported. My major concern regarding this manuscript is the idea that the authors consider TTFC as a psychological construct of tobacco addiction. Existing literature has shown that TTFC could be considered as an indicator of physiological nicotine dependence (Branstetter, Muscat, & Mercincavage, 2020; Muscat, Stellman, Caraballo, & Richie, 2009). I would suggest that the authors revise both conceptualizations and elaborate further their reasons to consider this construct as a psychological factor implied in Nicotine Dependence.

Introduction: the distinction between nicotine dependence and smoking behavior is scarcely elaborated. It is needed a more detailed description of each concept.

In the first paragraph of page 4 (lines 69-70), there is a lack of connection between sentences.

In addition, the justification for the study needs strengthening. Authors provide a brief rationale on page 4 (lines 75-76) but this is superficial.

Methods: When describing the instruments, the authors state that "Current smoking behavior was measured as the average number of cigarettes smoked per day during the past 30 days" (page 7, lines 140-141). Nevertheless in the statistical analyses description, the authors stated that "A second model adjusted for both lifetime and current smoking behaviors (pack-years and number of days smoked over the last 30 days, respectively)" (page 7, lines 158-159), and then in Tables, the authors include Cigarettes per Day and Smoking Duration. Please, clarify.

Results: A general description of demographic data of the total sample (N=2070) would have been informative of the sample characteristics (i.e., marital status, employment, health conditions).

Discussion: As mentioned before, in the discussion section it is stated that TTFC is considered as a psychological construct assessing tobacco addiction (page 12, lines 229-230). Nevertheless, literature has shown that TTFC may reflect sensitivity to overnight depletion of blood and brain nicotine concentrations, and therefore TTFC could be considered as an indicator of physiological nicotine dependence (Baker et al., 2007; Fu et al., 2011; Muscat et al., 2009; Walton, Newcombe, Li, Tu, & DiFranza, 2016). In fact, TTFC is one of two items of the Fagerstrom Test for Nicotine Dependence (FTND) which is considered as a quantifiable and objective variable as the number of cigarettes smoked per day. In addition, in the third paragraph (page 12), the authors discuss different reasons for the pattern of results found, focusing on the physiological effects of nicotine instead of psychological ones. I would suggest a general revision of this section in order to clarify and elaborate further on these questions.

Lastly, along the discussion section, the authors allude to smokers with mental illness, smokers with major depression, or smokers with depression despite the fact that they did not find a relation between TTFC with the DSM-5 clinical criteria of Major Depressive Disorder. It would be recommended that the authors made clearer this question, and discuss the pattern of results found referring to depressive symptomatology instead of mental illness or depression.
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Reviewer \#2: The manuscript is well-written and addresses an important topic; namely the co-occurrence of nicotine dependence and depressive symptoms. However, I have noted several concerns with the study rationale and approach.

Abstract

\- Authors state that, "the psychological construct of ND may be associated with an additional risk for depression symptoms"

-This statement needs to be revised, as their proxy measure of ND is TTFC -- which is a behavioral measure of physiological nicotine dependence.

Introduction

-On page 4, the authors note that longitudinal studies have established MDD as a predictor of ND. Thus, one of their stated objectives is to examine ND as a predictor of depression. However, this is not possible to assert given the cross-sectional nature of the data. The nature of their data does allow them to look for an association between ND and depression. However, I don't think this really supports their argument for why their study is novel/important.

Methods

-It would appear as though the authors' use the PHQ as their measure of depressive symptoms. If this is the case, it should be cited.

-The term incident rate ratio is inappropriate given the cross-sectional nature of the data.

Results

-A note should be used to explain the meaning of bolded results in the tables.

-It would be helpful to see the Mean(SD) of the depression scores to help with interpretation of the severity of depressive symptoms experienced by the groups.

Discussion

-The authors state, "The findings in this study confirm previous research characterizing the relationship between depression and nicotine dependence".

-Please revise to "depressive symptoms"

-Cross-sectional data should be listed as limitation.

-Some attention should be given to the lack of a monotonic effect of TTFC on the depression outcomes. How do the authors interpret that finding?

Major Comments

A major concern is the authors' determination that CPD and TTFC are conceptually distinct, with TTFC being a measure of nicotine dependence (ND) and CPD a measure of smoking behavior. Both of these measures are considered (by most) to be physiological components of nicotine dependence, and are represented as such in many well-established scales including the Fagerstrom Test for Nicotine Dependence and the Heaviness of Smoking Index. The rationale for why these two measures were separately and subsequently modeled as two entirely different constructs has not been adequately fleshed out by the authors.

The authors also assert that, in addition to physiological measures, psychological indicators are important for establishing nicotine dependence, and this point is well-taken. The Nicotine Dependence Syndrome Scale, for example, uses a more comprehensive definition of dependence that includes items assessing Drive (craving and withdrawal, and subjective compulsion to smoke), priority (preference for smoking over other reinforcers), tolerance (reduced sensitivity to the effects of smoking), continuity (regularity of smoking rate), and stereotypy (invariance of smoking. However, there is a disconnect between the rationale laid out in the introduction and their subsequent choice of a single behavioral measure of physiological ND as their proxy measure. The authors' argument for the unique predictive utility of ND would be much strengthened if their definition was expanded to include psychological components of ND that were alluded to in the Introduction.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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21 Apr 2020

Dear Dr. Doran,

Attached please find our revised manuscript entitled "A key indicator of nicotine dependence is associated with greater depression symptoms, even after accounting for smoking behavior" (PONE-D-20-00113). Thank you for the opportunity to revise our manuscript; we greatly appreciate the feedback of the reviewers. Listed below are the points raised by the reviewers along with our responses.

Reviewer 1:

1\. My major concern regarding this manuscript is the idea that the authors consider TTFC as a psychological construct of tobacco addiction. Existing literature has shown that TTFC could be considered as an indicator of physiological nicotine dependence (Branstetter, Muscat, & Mercincavage, 2020; Muscat, Stellman, Caraballo, & Richie, 2009). I would suggest that the authors revise both conceptualizations and elaborate further their reasons to consider this construct as a psychological factor implied in Nicotine Dependence.

Our response: Thank you for raising this issue. Our initial draft was written with the assumption that most people outside the subfield of nicotine dependence psychometric research are not aware that there is a distinction between smoking behavior and nicotine dependence (i.e. in our experience, many consider the two terms synonymous). Thus our wording was intended to describe the difference between objective smoking behavior and dependence in a lay fashion, rather than to make the finer-grained distinction between physiological and psychological symptoms. However, we agree now that the term 'psychological' is confusing in this respect.

We addressed this by changing our high-level description of ND to a "latent construct" throughout (Abstract, Introduction, and Conclusion). We also cite the two studies you suggested (thank you for pointing these out) in the Introduction as they help to establish the difference between ND and smoking behavior.

2\. Introduction: the distinction between nicotine dependence and smoking behavior is scarcely elaborated. It is needed a more detailed description of each concept.

Our response: We have added extensively to the Introduction to discuss objective smoking behavior (cigarettes per day, pack-years), nicotine dependence (listing specific physiological and/or psychological dimensions), and the role of TTFC in particular as an apparently objective behavior that serves as a robust single-item indicator of ND (pp. 3-5).

3\. In the first paragraph of page 4 (lines 69-70), there is a lack of connection between sentences.

Our response: We have added the transition phrase "in examining the relation to depression" so the paragraph now reads: "Several studies have made this important distinction between ND and smoking behavior in examining the relation to depression. Those with depression have higher levels of nicotine dependence..." (p. 5, line 101).

4\. In addition, the justification for the study needs strengthening. Authors provide a brief rationale on page 4 (lines 75-76) but this is superficial.

Our response: We have clarified the motivation in this paragraph, highlighting that most existing research did not control for smoking behavior when looking at the relationship between ND and depression, therefore the unique contributions of each are unclear. In the one study to our knowledge that did control for smoking behavior, this was in a Canadian population (while we are looking at a nationally representative US sample) and they controlled for a limited measure of smoking behavior (a binary cutoff of 20 cigarettes/day) while we are controlling for more detailed measures of smoking behavior. The new paragraph reads (p. 5, starting on line 100):

"Several studies have made this important distinction between ND and smoking behavior in examining the relation to depression. Findings such as: those with depression have higher levels of nicotine dependence \[4, 20-25\], and vice versa \[20, 26\]. However, very few studies controlled for smoking behavior when examining the association between depression ND \[20, 4, 23-25\], meaning that it remains unclear what the unique contributions of ND and smoking behavior are to explaining depression outcomes. Longitudinal research has found that major depression is a predictor of earlier TTFC, controlling for a limited measure of current smoking behavior \[22\] among Canadian adult smokers. Very little is known about the unique contribution of ND in explaining depression, over and above detailed measures of smoking behavior (including smoking history), among a nationally-representative US sample. If ND proves to explain depression more strongly than objective smoking behavior, this is highly relevant for depression screenings among smokers. Previous research has established precedence that ND is a better predictor of other outcomes (e.g. cessation outcomes and smoking biomarkers) when compared to the fairly weak explanatory power of cigarettes per day \[11, 26\]."

5\. Methods: When describing the instruments, the authors state that "Current smoking behavior was measured as the average number of cigarettes smoked per day during the past 30 days" (page 7, lines 140-141). Nevertheless in the statistical analyses description, the authors stated that "A second model adjusted for both lifetime and current smoking behaviors (pack-years and number of days smoked over the last 30 days, respectively)" (page 7, lines 158-159), and then in Tables, the authors include Cigarettes per Day and Smoking Duration. Please, clarify.

Our response: Thank you for catching this error. We have corrected this to "...both lifetime and current smoking behaviors (years of smoking duration and cigarettes per day)" (p. 9, line 193).

6\. Discussion: As mentioned before, in the discussion section it is stated that TTFC is considered as a psychological construct assessing tobacco addiction (page 12, lines 229-230). Nevertheless, literature has shown that TTFC may reflect sensitivity to overnight depletion of blood and brain nicotine concentrations, and therefore TTFC could be considered as an indicator of physiological nicotine dependence (Baker et al., 2007; Fu et al., 2011; Muscat et al., 2009; Walton, Newcombe, Li, Tu, & DiFranza, 2016). In fact, TTFC is one of two items of the Fagerstrom Test for Nicotine Dependence (FTND) which is considered as a quantifiable and objective variable as the number of cigarettes smoked per day. In addition, in the third paragraph (page 12), the authors discuss different reasons for the pattern of results found, focusing on the physiological effects of nicotine instead of psychological ones. I would suggest a general revision of this section in order to clarify and elaborate further on these questions.

Our response: Please see our response to your comment \#1 above; we now describe ND as a latent construct rather than a psychological construct, which better reflects our intentions. Regarding the nature of TTFC, please also see the additions we made to the Introduction in response to your comment \#2 above. Thank you for these references; we have incorporated them into this paragraph in support of TTFC being a physiological indicator of ND (p. 13).

7\. Lastly, along the discussion section, the authors allude to smokers with mental illness, smokers with major depression, or smokers with depression despite the fact that they did not find a relation between TTFC with the DSM-5 clinical criteria of Major Depressive Disorder. It would be recommended that the authors made clearer this question, and discuss the pattern of results found referring to depressive symptomatology instead of mental illness or depression.

Our response: We have thoroughly clarified this throughout the Discussion, making it clear that our findings are in relation to the number of depression symptoms rather than a clinical diagnosis. Any remaining mention of "depression" is in relation to other studies we cite.

Reviewer \#2:

8\. Abstract: Authors state that, "the psychological construct of ND may be associated with an additional risk for depression symptoms." This statement needs to be revised, as their proxy measure of ND is TTFC -- which is a behavioral measure of physiological nicotine dependence.

Our response: Please see our response to Reviewer \#1's comment \#1.

9\. Introduction: On page 4, the authors note that longitudinal studies have established MDD as a predictor of ND. Thus, one of their stated objectives is to examine ND as a predictor of depression. However, this is not possible to assert given the cross-sectional nature of the data. The nature of their data does allow them to look for an association between ND and depression. However, I don't think this really supports their argument for why their study is novel/important.

Our response: Regarding the motivation for our study, please see our response to Reviewer \#1's comment \#4. Regarding the cross-sectional nature of the data limiting our findings to finding an association, we have revised the wording throughout ("association" and "explaining depression" rather than predicting depression, etc).

10\. Methods: It would appear as though the authors' use the PHQ as their measure of depressive symptoms. If this is the case, it should be cited.

Our response: You are correct; we have now cited the PHQ in Methods/Measures (p. 7, line 146).

11\. The term incident rate ratio is inappropriate given the cross-sectional nature of the data.

Our response: "Incident rate ratio (IRR)" has been updated to "prevalence rate ratio (PRR)" throughout.

12\. Results: A note should be used to explain the meaning of bolded results in the tables.

Our response: We note in the footnote of Table 2: "bold: p\<.05." (Table 1 contains no boldface cells.)

13\. Results: It would be helpful to see the Mean(SD) of the depression scores to help with interpretation of the severity of depressive symptoms experienced by the groups.

Our response: We do present median and interquartile range (IQR) in Table 1 (2nd subrow under the Depression row). Due to the skewed nature of this variable, we chose to present this as median and IQR rather than mean and SD.

14\. Discussion: The authors state, "The findings in this study confirm previous research characterizing the relationship between depression and nicotine dependence".

-Please revise to "depressive symptoms"

Our response: We have changed 'depression' has been updated to 'depressive symptoms (p. 12, line 241).

15\. Discussion: Cross-sectional data should be listed as limitation.

Our response: We have now added this to the limitations (p. 15, lines 304-306).

16\. Discussion: Some attention should be given to the lack of a monotonic effect of TTFC on the depression outcomes. How do the authors interpret that finding?

Our response: This is an excellent suggestion. We have added the following paragraph to Discussion (p. 13-14, lines 270-277):

"Our findings showed a non-monotonic relationship between TTFC and the number of depression symptoms, such that only those who smoke within 5 minutes of waking are different from those who smoke more than 1 hour after waking. The reasons for this are unclear, but one possibility is a threshold effect such that the association with depression symptoms only manifests at a certain level of ND. Threshold effects have been reported in other related research, e.g. the relationship between TTFC and cotinine levels \[REF \]. Further research is needed to examine whether there is a continuous effect of TTFC on depression symptoms, or whether this represents a threshold effect."

17\. A major concern is the authors' determination that CPD and TTFC are conceptually distinct, with TTFC being a measure of nicotine dependence (ND) and CPD a measure of smoking behavior. Both of these measures are considered (by most) to be physiological components of nicotine dependence, and are represented as such in many well-established scales including the Fagerstrom Test for Nicotine Dependence and the Heaviness of Smoking Index. The rationale for why these two measures were separately and subsequently modeled as two entirely different constructs has not been adequately fleshed out by the authors.

Our response: Thank you for raising this point. We have added extensively to the Introduction (see our response to Reviewer \#1's comment \#2) on the distinction between ND and smoking behavior, and explicitly discuss the role of TTFC here.

18\. The authors also assert that, in addition to physiological measures, psychological indicators are important for establishing nicotine dependence, and this point is well-taken. The Nicotine Dependence Syndrome Scale, for example, uses a more comprehensive definition of dependence that includes items assessing Drive (craving and withdrawal, and subjective compulsion to smoke), priority (preference for smoking over other reinforcers), tolerance (reduced sensitivity to the effects of smoking), continuity (regularity of smoking rate), and stereotypy (invariance of smoking. However, there is a disconnect between the rationale laid out in the introduction and their subsequent choice of a single behavioral measure of physiological ND as their proxy measure. The authors' argument for the unique predictive utility of ND would be much strengthened if their definition was expanded to include psychological components of ND that were alluded to in the Introduction.

Our response: Unfortunately, NHANES did not assess more detailed measures of ND; it only included TTFC. Thus, we were not able to examine the contribution of particular dimensions of ND. We have added this as a limitation (p. 15, lines 306-311).

Thank you for your continued consideration of our manuscript.

Sincerely,

Arielle S. Selya, PhD

Assistant Scientist, Behavioral Sciences Group

Director, Data Exchange Core

Sanford Research

2301 East 60th Street North

Sioux Falls, SD 57104

Email: <Arielle.Selya@SanfordHealth.org>

10.1371/journal.pone.0233656.r003
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A key indicator of nicotine dependence associated with greater depression symptoms, after accounting for smoking behavior

PONE-D-20-00113R1

Dear Dr. Selya,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Neal Doran

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The Authors have addressed my concerns throught their responses and changes of the manuscrpt. For this reason I recommend the paper for publication.

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No
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A key indicator of nicotine dependence is associated with greater depression symptoms, after accounting for smoking behavior

Dear Dr. Selya:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Neal Doran

Academic Editor

PLOS ONE
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